The family Beijerinckiaceae was circumscribed in 2005 to accommodate four genera of phylogenetically related alphaproteobacteria: Beijerinckia, Chelatococcus, Methylocella and Methylocapsa. Later, four additional genera, i.e. Methylovirgula, Methyloferula, Methylorosula and Camelimonas, were described and assigned to this family, which now accommodates 21 species with validly published names. Members of this family possess strikingly different lifestyles, including chemoheterotrophy, facultative methylotrophy, obligate methanotrophy and facultative methanotrophy. Levels of 16S rRNA gene sequence similarity among most of these bacteria range from 96 to 98 %, suggesting a common evolutionary origin. The genera Chelatococcus and Camelimonas, however, are not monophyletic with the other described genera based on 16S rRNA gene sequence phylogeny, and instead form a distant cluster more closely related to the Methylobacteriaceae. Physiologically these two genera also lack several properties common to the other Beijerinckiaceae. On the other hand, the genus Rhodoblastus, presently considered a member of the Bradyrhizobiaceae, affiliates with high confidence to the Beijerinckiaceae. Here, we propose to transfer the genera Chelatococcus and Camelimonas to the family Chelatococcaceae fam. nov., and present an emended description of the family Beijerinckiaceae, including the genus Rhodoblastus.
The family Beijerinckiaceae belongs to the order Rhizobiales, in the class Alphaproteobacteria. It was circumscribed in 2005 on the basis of comparative analysis of 16S rRNA gene sequences to accommodate four phylogenetically related genera, i.e. Beijerinckia, Chelatococcus, Methylocella and Methylocapsa (Garrity et al., 2005; Validation list Number 107, 2006) . Later, four additional genera, i.e. Methylovirgula, Methyloferula, Methylorosula and Camelimonas, were described and assigned to this family. The Beijerinckiaceae now accommodates eight genera containing 21 species with validly published names.
The type genus of this family, Beijerinckia, and the five related genera of methano-and methylotrophs, i.e. Methylocella, Methylocapsa, Methylovirgula, Methyloferula and Methylorosula, are represented by acidophilic bacteria displaying considerable phenotypic and morphological similarities. One important feature common to these bacteria is the ability to fix dinitrogen. Although possessing different lifestyles, such as chemoheterotrophy, facultative methylotrophy, facultative methanotrophy and also obligate methanotrophy, these six genera comprise a closely related phylogenetic group with pairwise 16S rRNA gene sequence similarities ranging from 96 to 98 %. A comparative genomic study performed for the generalist organotroph Beijerinckia indica, facultative methanotroph Methylocella silvestris and obligate methanotroph Methylocapsa acidiphila confirmed the common evolutionary origin of these bacteria with several phylogenetic reconstructions (Tamas et al., 2014) . However, this study also noted that the genera Chelatococcus and Camelimonas, which are currently assigned to the family Beijerinckiaceae, are not monophyletic with the other six genera of this family. The conclusion was reiterated by Marín & Arahal (2014) . Our comparative study was initiated to clarify the current taxonomic placement of the genera Chelatococcus and Camelimonas.
We therefore reconstructed 16S rRNA gene phylogenies for Beijerinckiaceae and closely related bacteria using two different algorithms. The ARB non-redundant reference database Version 119 (Quast et al., 2013) was used to select aligned reference sequences for all species with validly published names, which are phylogenetically proximal to the Beijerinckiaceae (within the Rhizobiales_3 cluster in the database).
Only high-quality, full-length (>1380 bp) reference sequences were included. Phylogenies were reconstructed based on neighbour-joining and Bayesian methods. A Bayesian tree was reconstructed using BEAST (Drummond et al., 2012) with 10 000 000 iterations and a GTR substitution model, using assumptions of a strict clock and homogeneous site variability. Variations in these assumptions were tested and caused only very minor changes in the branching patterns and posterior probabilities obtained. The neighbour-joining tree was reconstructed in ARB (Ludwig et al., 2004) , using a Jukes-Cantor correction and 10 000 bootstraps. Fig. 1 shows a simplified representation of the Bayesian tree with posterior probabilities at the major nodes. The complete tree is given in Fig. S1 (available in the online Supplementary Material) . Support values from the neighbour-joining tree have been added to four key nodes present in both reconstructions. The family Beijerinckiaceae, excluding Chelatococcus and Camelimonas but including the acidophilic phototroph Rhodoblastus, is a monophyletic group with high support in each phylogenetic reconstruction, with a Bayesian posterior probability of 99 % and a neighbourjoining bootstrap value of 90 %. Chelatococcus and Camelimonas together form a separate clade with a Bayesian posterior probability of 99 % and a neighbour-joining bootstrap value of 99 %. There is no way that the genera Chelatococcus and Camelimonas can be made monophyletic with the other genera of Beijerinckiaceae in either tree reconstructed. Instead, these two genera cluster together in a highly supported clade (posterior probability 99 %, bootstrap support 96 %) that includes the genera Methylobacterium and Microvirga (i.e. the family Methylobacteriaceae), as well as Salinarimonas and Bosea. Members of the genera Chelatococcus and Camelimonas display only 92-94 % 16S rRNA gene sequence similarity to other organisms in the Beijerinckiaceae. Similar distances are displayed to members of the families Methylocystaceae and Methylobacteriaceae. In summary, our analysis confirmed that Chelatococcus and Camelimonas are phylogenetically distinct from other members of the Beijerinckiaceae, and have therefore been historically misclassified as members of this family. This conclusion is supported by a comparison of phenotypic properties of all current members of the Beijerinckiaceae. As detailed below, key phenotypic differences verify that Chelatococcus and Camelimonas are distinct from other Beijerinckiaceae.
The first described genus of this family, Beijerinckia, is represented by non-symbiotic, aerobic, chemoheterotrophic bacteria with the ability to fix dinitrogen (Kennedy, 2005) . Beijerinckia species utilize a wide range of multicarbon compounds, but sugars are the preferred growth substrates. One of the currently described species of this genus, i.e. Beijerinckia mobilis, however, is also capable of methylotrophic metabolism coupled with the ribulose bisphosphate pathway of C 1 assimilation (Dedysh et al., 2005a) . Members of this genus are typical rod-shaped cells with round ends, and contain polar lipoid bodies. Another distinctive feature of these bacteria is their acid tolerance, which allows them to grow and to fix dinitrogen at pH 3.0-4.0.
The closest phylogenetic relatives of Beijerinckia species are acidophilic methanotrophs and methylotrophs, which were discovered in various acidic terrestrial environments such as Sphagnum peat bogs, tundra wetlands and forest soils. The genus Methylocapsa accommodates methanotrophic bacteria that perform the first step of methane oxidation using a particulate methane monooxygenase (pMMO) (Dedysh et al., 2002 (Dedysh et al., , 2015 Dunfield et al., 2010) . Cells of these methanotrophs contain a well-developed intracytoplasmic membrane system typical of most known methanotrophs. Some representatives of the genus Methylocapsa are obligate utilizers of one-carbon compounds, while others are also capable of growth on acetate, but sugars are not utilized. Members of the genera Methylocella and Methyloferula are also methanotrophic bacteria, but in contrast to Methylocapsa species and all other known aerobic methanotrophs, they employ only a soluble methane monooxygenase (sMMO) for methane oxidation (Dedysh et al., 2000 (Dedysh et al., , 2004 Dunfield et al., 2003; Vorobev et al., 2011) . Intracytoplasmic membranes are lacking from cells of these unusual methanotrophs. Despite each being methanotrophic, Methylocella and Methyloferula differ with regard to their substrate utilization patterns. Methylocella species are facultative methanotrophs which, in addition to C 1 compounds, utilize acetate and several other organic acids, ethanol and some short-chain alkanes (Dedysh et al., 2005b; Crombie & Murrell, 2014; Dunfield & Dedysh, 2014) . By contrast, Methyloferula stellata grows only on methane and methanol (Vorobev et al., 2011) . Finally, the genera Methylovirgula and Methylorosula accommodate facultatively methylotrophic bacteria (Vorob'ev et al., 2009; Berestovskaya et al., 2012) . These methylotrophs assimilate C 1 compounds via the ribulose bisphosphate pathway. Methylovirgula species are restricted facultative methylotrophs which, in addition to methanol, utilize only ethanol, pyruvate and malate. By contrast, members of the genus Methylorosula utilize a broad spectrum of substrates, including methanol, mono-, di-and tri-methylamines, mono-, di-and trisaccharides, polysaccharides, alcohols, amino acids and Casamino acids.
There is therefore considerable phenotypic diversity across the six monophyletic genera of the family Beijerinckiaceae (Table 1) . However, they do share some properties: all are mildly acidophilic, dinitrogen-fixing bacteria and all genera include representatives with C 1 metabolic capabilities. The genus Rhodoblastus, which forms a monophyletic cluster with these other six genera (Fig. 1) , also displays these key characteristics (Table 1 ). This genus is represented by two species, Rhodoblastus acidophilus (Imhoff, 2001) and Rhodoblastus sphagnicola (Kulichevskaya et al., 2006) , which are presently misclassified within the family Bradyrhizobiaceae. They are versatile bacteria capable of chemoheterotrophic, photoheterotrophic or photoautotrophic growth. Like most of the monophyletic Beijerinckiaceae (i.e. all genera Fig. 1 . Bayesian tree showing the relationship of genera presently classified as Beijerinckiaceae to all other closely related genera of Rhizobiales. Posterior probabilities based on 9 000 000 iterations (after removing a burn-in phase of 1 000 000 trees) are shown at the nodes. For four key nodes, bootstrap values from a neighbour-joining tree based on 10 000 tree reconstructions are also shown in parentheses. Bar, 0.009 changes per nucleotide position. For more details of the parameters used see the text. Key genera or groups of genera have been collapsed for simplicity, and the accession numbers for each sequence used are shown. (FR851926) . The tree version with traditional rectangular branch shape is given in Fig. S1 . Table 1 . Major characteristics that distinguish currently described genera of the family Beijerinckiaceae Data for Beijerinckia are taken from Kennedy (2005) and Dedysh et al. (2005a) , data for Rhodoblastus from Imhoff (2001) and Kulichevskaya et al. (2006) , data for Methylocapsa from Dedysh et al. (2002) , Dedysh et al. (2015) and Dunfield et al. (2010) , data for Methylocella from Dedysh et al. (2000 Dedysh et al. ( , 2004 Dedysh et al. ( , 2005b , Dunfield et al. (2003) and Dunfield & Dedysh (2014) , data for Methyloferula from Vorobev et al. (2011) , data for Methylorosula from Berestovskaya et al. (2012) *Methylocapsa acidiphila and M. palsarum do not utilize multicarbon compounds, while Methylocapsa aurea utilizes acetate. †In addition to these compounds utilized by all Methylocella species, Methylocella silvestris utilizes also propane, ethane, propanol, propanediol, acetone, methyl acetate, acetol, glycerol, propionate, gluconate and tetrahydrofuran.
excluding Camelimonas and Chelatococcus) these species were isolated from acidic soils and wetlands, grow best under mildly acidic conditions (optimum pH 5.2-6.0), are capable of methylotrophic growth on methanol and fix dinitrogen (Imhoff, 2001; Kulichevskaya et al., 2006) . The DNA G+C content of 62.6-65.3 mol% and the predominance of 18 : 1!7c as a major phospholipid fatty acid are also properties similar to other Beijerinckiaceae (Table 1 ) (Kennedy, 2005; Vorobev et al., 2011) . They have an internal membrane system similar to Methylocapsa species, but in the case of Rhodoblastus it is a site of photosynthesis rather than methane oxidation.
By contrast, members of the genera Chelatococcus and Camelimonas are neutrophilic bacteria. The genus Chelatococcus was proposed in 1993 for Gram-negative, aerobic and nitrilotriacetate-utilizing bacteria (Auling et al., 1993) . At present, it includes four species, i.e. Chelatococcus asaccharovorans (Auling et al., 1993) , Celatococcus daeguensis (Yoon et al., 2008) , Chelatococcus sambhunathii (Panday & Das, 2010) and Chetaltococcus caeni (Jin et al., 2015) . Members of this genus are neutrophilic short rods, which differ with regard to utilization of different multicarbon substrates. The genus Camelimonas is represented by neutrophilic chemo-organotrophic bacteria and includes three species, i.e. Camelimonas lactis (K€ ampfer et al., 2010) , Camelimonas abortus (K€ ampfer et al., 2012) and Camelimonas fluminis (Xia et al., 2015) . Notably, the ability to grow on C 1 compounds has not been reported for any species of the genera Chelatococcus and Camelimonas, nor have any been reported to fix dinitrogen. Major fatty acids shared by all members of these two genera are 19 : 0 cyclo !8c and 18 : 1!7c (K€ ampfer et al., 2010 Jin et al., 2015; Xia et al., 2015) . The former is present as only a minor fatty acid in most of the true, monophyletic Beijerinckiaceae. The DNA G+C contents range from 63.3 to 68.7 mol% (K€ ampfer et al., 2010; Jin et al., 2015) , higher than the average for Beijerinckiaceae (54.7-65.2 mol%) (Kennedy, 2005; Vorobev et al., 2011; Berestovskaya et al., 2012) .
Given the phylogenetic, phenotypic and metabolic differences between the acidophiles Beijerinckia, Rhodoblastus, Methylocella, Methylocapsa, Methylovirgula, Methyloferula and Methylorosula versus the neutrophilic organotrophs of the genera Chelatococcus and Camelimonas, their assignment into one family is not warranted. We therefore propose to establish a novel family, Chelatococcaceae fam. nov., to accommodate the genera Chelatococcus and Camelimonas. An emended description of the family Beijerinckiaceae is also given below.
Description of Chelatococcaceae fam. nov.
Chelatococcaceae (Che.la.to.coc.ca.ce¢ae. N.L. masc. n. Chelatococcus type genus of the family; -aceae ending to denote family; N.L. fem. pl. n. Chelatococcaceae the Chelatococcus family).
The family is circumscribed on the basis of comparative 16S rRNA gene-based analysis, which showed that the genera Chelatococcus and Camelimonas form a separate phylogenetic clade. Members of this family are Gram-negative, aerobic and facultatively anaerobic, non-spore-forming bacteria. Divide by binary fission. Mesophilic and neutrophilic chemo-organotrophs. The polyamine pattern contains spermidine. Major fatty acids are 19 : 0 cyclo !8c and 18 : 1!7c. The major quinone is Q-10. The DNA G+C contents range from 63.3 to 68.7 mol%. The family Chelatococcaceae belongs to the class Alphaproteobacteria, order Rhizobiales. The type genus is Chelatococcus. Another currently described genus in this family is Camelimonas.
Emended description of the family Beijerinckiaceae
Beijerinckiaceae (Beij.e.rinck.i.a.ce¢ae. N.L. fem. n. Beijerinckia type genus of the family; -aceae ending to denote family; N.L. fem. pl. n. Beijerinckiaceae the Beijerinckia family).
The description of the family is as given by Garrity et al. (2005) 
